Background: Caesarean section rates have risen over the last 20 years. Elective Caesarean section rates have been shown to be linked to area deprivation in England, women in the most deprived areas were less likely to have an elective section than those in the most affluent areas. We examine whether individual social class, area deprivation or both are related to Caesarean sections in Scotland and investigate changes over time. Methods: Routine maternity discharge data from live singleton births in Scottish hospitals from three time periods were used; 1980-81 (n = 133,555), 1990-91 (n = 128,933) and 1999-2000 (n = 102,285). Multilevel logistic regression, with 3 levels (births, postcode sector and Health Board) was used to analyse emergency and elective Caesareans separately; analysis was further stratified by previous Caesarean section. The relative index of inequality (RII) was used to assess socioeconomic inequalities.
Background
Caesarean section rates have risen throughout the world over the last 20 years. In Spain the rate was 17.6% in 2000, [1] and the rate was 15 .4% in 2004 in Norway [2] . The Caesarean rate reached a high of 32% in the US in 2008 [3] . In Scotland it has increased from 11.6% in 1980 to 25.9% in 2008 [4] and in England it has risen from 9% in 1980 to 23% in 2003-04 [5] . These rates are outwith the 1985 WHO recommended rates of 5%-15% [6] .
Increasing rates may be due to a variety of factors, with the tendency for women to delay childbirth potentially responsible for more than a third of this increase [7] .
Rising rates of Caesarean section are concerning as a Caesarean section is major abdominal surgery and carries risks to the mother of thrombosis, excess bleeding and damage to the bladder [8] . There are also risks for babies born by Caesarean section. The most common problem affecting babies born by Caesarean section is breathing difficulties in the post-natal period [9] . Mothers who have delivered by Caesarean section have been shown to have increased hospital stays and morbidity, which in turn leads to an increase in costs to the provider [10, 11] .
The social patterning of Caesarean sections is unclear; a recent study from Norway found that women with the lowest level of education had the highest risk of Caesarean section [2] . In Spain women from a non-manual background were more likely to have had a Caesarean birth [12] . In the UK, studies suggest that women in the most deprived areas of England were less likely to have an elective section than those in the most affluent areas [13, 14] . However, in the early 1990s in Scotland there was no difference in section rates between women from affluent and deprived areas [15] . All of these UK studies used area deprivation as a marker of socioeconomic status; this measure describes the area not the individual [16] .
In Scotland, we have routinely collected maternity discharge data which is linked to the birth registers to enable us to examine the effect of individual social class and area deprivation on both emergency and elective Caesarean sections. We also examine how these relationships have changed over time.
Methods
Routine data on all hospital births in Scotland during the periods 1980-81, 1990-91 and 1999-2000 were provided by Information Services, NHS National Services Scotland (ISD). Information about the pregnancy and delivery was obtained from the Scottish Morbidity Record 02 (SMR02). The SMR02 has achieved national coverage of 98% of all births [4] . These records were linked to the Registrar General's birth registrations to obtain the occupational social class of the father of the child or the mother of the child if the father's occupation was not present on the form. We used Carstairs score as the measure of area deprivation. Carstairs scores are derived by combining variables measured at the Census and are available for the years 1981, [17] 1991 [18] and 2001 [19] . Carstairs scores of area deprivation were linked to birth records through postcode of the mother's address at birth; births from 1980-81 using the 1981 Carstairs score, births from 1990-91 the 1991 Carstairs scores and births from 1999-2000 the 2001 Carstairs scores. These scores were converted into quintiles based on the total population of Scotland at each time period, quintile 5 containing residents of the most deprived areas and quintile 1 residents of the most affluent areas. Analysis was restricted to live singleton births only. There were 364,733 such births in total; 133,555 in 1980-81, 128,933 in 1990-91 and 102,285 in 1999-2000. Births that were breech presentation were excluded from analysis (4557 (3.4%) in 1980-81, 4340 (3.4%) in 1990-91 and 3679 (3.6%) in 1999-2000) as Caesarean section is the preferred mode of delivery for breech presentations [20] . Scotland is split into approximately 1000 postcode sectors or part sectors and at the time these were nested within 15 Health Boards. Multilevel logistic regression was used to account for the correlations of outcomes within postcode sectors and Health Boards. There were three levels in the multilevel models -level 1 individual (births) nested within level 2 postcode sectors nested within level 3 Health Boards. Emergency and elective Caesareans were analysed separately and data from each time period were analysed separately.
To compare the changes in social class inequalities in Caesareans over time the relative index of inequality (RII) was used [21] [22] [23] . This takes into account the fact that the proportion of the population in each social class at each time point differs. Social class was defined hierarchically (I, II, IIINM, IIIM, IV, V and Undetermined (this group includes people with inadequate job description, never worked, housewives and students)). The undetermined social class contained a heterogeneous mix of people, but it was evident that they experienced the worst perinatal outcomes [24] so this group was placed at the bottom of the social class hierarchy when creating the RII. Each group was assigned a value between 0 and 1 depending on the proportion of the population with higher socioeconomic position than the midpoint of each group within the hierarchy. Socioeconomic position was then related to Caesarean sections through multilevel logistic regression. The resulting odds ratio compares the bottom of the social hierarchy to the top; the larger the RII the larger the inequality. A similar index was created for the Carstairs quintiles to assess area deprivation inequalities.
All multilevel models were adjusted for the important confounders maternal age, maternal height, parity, marital status and gestational age. Multilevel models were fitted for each outcome at each time period including social class alone, area deprivation alone and both social class and area deprivation. In addition to social class and deprivation, an interaction between social class and quintiles of deprivation was tested for in the full model. Previous Caesarean section is a risk factor for subsequent Caesarean section and the characteristics and management of these mothers differ from those with no previous Caesarean section [25, 26] . Analysis was further stratified by whether or not the mother had had a previous Caesarean section.
Results
The emergency Caesarean section rate in Scotland rose from 6.3% in 1980-81 to 8.5% in 1990-91 to 11.9% in 1999-2000. The rates of elective Caesareans rose from 3.6% in 1980-81 to 5.5% in 1999-2000 (Table 1) .
For all models there was no significant interaction between deprivation quintile and social class. Table 2 shows the effect of individual social class and area deprivation (expressed as RIIs) on the odds of having an emergency Caesarean in each time period for all women and stratified by prior Caesarean section. In 1980-81 and 1990-91 both individual social class and area deprivation were associated with emergency sections. The odds of having an emergency section were greater for women at the bottom of the social class hierarchy than those at the top and also greater among women in the most deprived areas compared to those in the most affluent. In the fully adjusted model the RIIs for social class were of similar magnitude in 1980-81 and 1990-91. Women at the bottom of the social class hierarchy were 14% more likely to have an emergency Caesarean than women at the top in 1980-81 (RII = 1.14, 95% CI 1.04-1.25) and 13% more likely in 1990-91 (RII = 1.13, 1.03-1.23). There was no significant association between emergency sections and either social class or deprivation in 1999-2000. Among women with no previous Caesareans the social class and area deprivation trends over time were similar to that for all births. However, among women who had previously had a Caesarean there were no significant associations with socioeconomic status at any of the time points.
At all three time points increasing maternal age increased the odds of having an emergency Caesarean section. When additionally adjusting for social class and area deprivation the effect sizes remained unchanged. Increasing maternal height decreased the odds of having an emergency Caesarean section. This was the case for all three time points but the effect was marginally smaller in 1999-2000 than the previous two decades. For parity, at all 3 time points the effect size was similar and compared to having had no previous births the odds of having an emergency Caesarean section decreased as the number of births a mother has had increased. In 1980-81 and 1990-91 there was no difference in the odds of having an emergency Caesarean section for single mothers compared to married mothers, but the odds were increased for those in the "other" category compared to married mothers. In 1999-2000 the odds were increased for both single and others compared to married mothers. For gestational age, at all 3 time points the odds of having an emergency Caesarean section were lower for babies delivered between 37-40 weeks and over 40 weeks compared to those born before 37 weeks; the lowest odds were in the 37-40 weeks group. In 1990-91 and 1990-2000 the effect was stronger than in 1980-81 (Table 4) . Table 3 shows the results for elective Caesarean sections. In 1980-81 women from the most deprived areas were more likely to have an elective Caesarean; this relationship remained significant after adjusting for individual social class (RII = 1.19, 1.03-1.38). This association was considerably stronger among women who had had a previous Caesarean (RII = 1.45, 1.13-1.85). There were no associations between elective sections and either social class or deprivation in 1990-91. In 1999-2000 both social class and area deprivation were associated with elective Caesareans. The odds of having an elective section were lower for women at the bottom of the social class hierarchy than those at the top (RII = 0.87, 0.76-1.00) and also lower in women in the most deprived areas compared to those in the most affluent (RII = 0.85, 0.73-0.99). The significant association with social class was observed in the women with previous sections (RII = 0.81, 0.65-1.00) while the association with deprivation occurred in women with no previous Caesareans (RII = 0.75, 0.58-0.96).
For both maternal age and height the relationship is similar for elective Caesarean sections to that for All models adjusted for maternal age, maternal height, parity, gestational age and marital status Model SC (social class) -additionally adjusts only for social class Model AD (area deprivation) -additionally adjusts only for area deprivation Model SC+AD -additionally adjusts for both social class and area deprivation The odds ratios for social class and area deprivation are for the relative index of inequality (RII) calculated for these variables. The odds ratio compares the bottom of the social hierarchy to the top; the larger the RII the larger the inequality. Model SC+AD -additionally adjusts for both social class and area deprivation. The odds ratios for social class and area deprivation are for the relative index of inequality (RII). The odds ratio compares the bottom of the social hierarchy to the top; the larger the RII the larger the inequality. emergency Caesarean sections; increasing maternal age increased the odds of having an elective Caesarean section and increasing maternal height decreased the odds of having an elective Caesarean section. For parity, the odds of having an elective Caesarean section were higher for mothers who had had one or two previous births but in 1980-81 were lower for mothers who had had 3 previous births. In 1990-91 and 1999-2000 mothers who had had 3 previous births had increased odds of elective Caesarean section compared to those with no previous births but the odds were lower than for mothers with one or two previous births. At all 3 time points, single mothers were less likely than married mothers to have an elective Caesarean section. There was no difference in the odds of having an elective Caesarean section for those in the "other" category compared to married mothers. Increasing gestational age decreased the odds of having an elective Caesarean section. This was the case for all three time points (Table 4) . There were differences in the relationships between the maternal confounders, age, parity, marital status and gestational age, in those who had had a previous Caesarean section and those who had had no previous Caesarean section. Multilevel models allow the partitioning of the variance across the 3 levels. There were differences in the variances at Health Board and postcode sector levels between previous and no previous Caesarean section. In 1980-81 and 1999-2000 there was more variation at the Health Board level for previous compared to no previous Caesarean section. At the postcode sector level there was more variation for no previous Caesarean section compared to previous Caesarean section at all time points (Tables 5 and 6 ).
For both emergency and elective Caesareans, at all time points there was variation between Health Boards and postcode sectors that could not be explained by individual social class, area deprivation or the other risk factors (Tables 5 and 6 ). The total area variance unexplained following adjustment for individual social class and area deprivation in 1980-81, 0.081 (= 0.054 + 0.027), suggests that about 2.4% of the unexplained variation may be associated with area differences, [27] with most of this arising due to differences between Health Boards. (Table 6 ).
Discussion
Both individual social class and area deprivation are independently associated with Caesarean sections in Scotland. Inequalities have disappeared for emergency sections whilst appearing for elective sections. In 1980-81 and 1990-91 women with lower socioeconomic position were more likely to have an emergency Caesarean than women with higher socioeconomic position, but there were no gradients by social class or area deprivation by 1999-2000.
It is clear that the patterns of inequalities differ for emergency and elective sections. The overall rate of Caesarean sections was not associated with area deprivation in Scotland in the mid 1990s [15] . However, by considering the two separately we found area deprivation to be associated significantly (at different times) with both emergency and elective Caesareans, indicating the importance of considering the two separately.
The main strength of this study is the use of two different indicators of socioeconomic status: individual social class and area deprivation. Area deprivation has the advantage that it is more widely available than individual social class in routine data. Studies in England and Wales investigating inequalities in birthweight have shown that area deprivation performs as well as or better than individual social class in describing the extent of inequalities in the population [28, 29] . However, when assessing inequalities in stillbirths individual social class was shown to be a better predictor than area deprivation [30] . In this study we found that for emergency and elective Caesareans including both socioeconomic measures in the models only slightly attenuated the effect of each suggesting that they may capture different dimensions of deprivation; individuals with low occupational social class may live in affluent areas, for example. In 1980-81 emergency Caesarean section rates were highest among the disadvantaged groups, whether defined by area deprivation or individual social class. Over time these differences have disappeared; by 1999-2000 there was no evidence of a social gradient in emergency Caesarean section rates. This is perhaps counterintuitive given the consistently poorer obstetric performance of women from lower social classes [24] . Rising emergency Caesarean rates have been shown to be related to increasing maternal age [7] . Mothers in the highest social class have been shown to be older than those in the lower social classes and this relationship was observed over the 3 time periods; [31] however, all our analyses adjusted for maternal age.
In 1999-2000 there was a significant association between area deprivation and elective Caesareans. Women living in the most deprived areas were less likely to have elective Caesareans than women in the most affluent areas; this concurs with finding in England in 2001-2002 [13] and 1996-2000 [14] . Neither of these studies had time series data and could not examine trends. Our study shows this association represents a change from the early 1980s, when elective sections (as with emergency sections) were more common in deprived areas. There was also a significant association between elective Caesareans and individual social class, with women at the bottom of the social class hierarchy less likely to have an elective Caesarean than women at the top. These two dimensions of disadvantage were independent of each other, were approximately equal in size and showed little sign of attenuation upon adjustment for the other. The individual social class variable, and resulting relative index of inequality, is derived from the occupation of the father or that of the mother if the father is not present. Both maternal and paternal social class have been shown to be related to adverse pregnancy outcomes; [32] however, there are issues with assigning maternal social class [33] . The Register General's social class was constructed in relation to men's occupations and therefore it may not be [13] . However, that analysis omitted the independent effect of individual social class. Since women of lower social status are more likely to live in more deprived areas -the social class of the head of household is one of the four factors that comprise the Carstairs index -the use of one socioeconomic indicator alone may underestimate the effect of the inequality. The RIIs presented in tables 2 and 3 are odds ratios and as such are multiplicative; table 3 therefore suggests that the odds of a woman of the highest social status from the least deprived area receiving an elective Caesarean in 1999-2000 are 35% higher than those for a woman of the lowest social class living in the most deprived area, ceteris paribus.
By using the RII we were able to compare social class inequalities at each time point and also compare inequalities by both individual social class and area deprivation directly. The area deprivation quintile, based on the postcode of residence of the mother at the time of birth, assumes that all the residents of the geographical areas are socially homogeneous [19] . By testing for the interaction between social class RII and the area deprivation quintiles we were able to show that inequalities by social class were constant across all quintiles of deprivation.
An example of the differential effects of individual social class and area deprivation is given by the analysis of elective sections stratified by previous Caesarean section. Such stratification adds insight to the analysis given the importance of previous Caesarean section as a predictor of subsequent sections [34] . In 1999-2000 women living in deprived areas were significantly less likely to receive a first section whilst this was not significantly affected by social class. On the other hand, repeat sections were more common among women from higher social classes and were unaffected by area deprivation. Clearly the two measures of socioeconomic circumstances are manifesting themselves differently. A deeper understanding of socioeconomic gradients in the provision of Caesarean sections and the mechanisms that create them -for example, the contribution of maternal request or negotiation [35, 36] -requires a detailed analysis of potential differences between the two measures.
The provider will exert an influence on Caesarean section rates due to differences in culture, policy, experience and facilities. The use of multilevel models allows for the partitioning of the variance across the different levels. For both emergency and elective Caesarean sections there was substantial unexplained variation between Health Boards, reflecting differences between hospitals as well as differences between populations. Significant variation among Health Boards in the rates of emergency and elective Caesareans throughout the 1990s in Scotland has been reported elsewhere and standardisation for maternal age and deprivation had little impact on these rates [37] . We also found that adjustment for other known risk factors for Caesarean sections including individual social class did not reduce the variation between Health Boards in any of the time periods.
Conclusions
It is clear that maternal social class and area deprivation are different indicators of socioeconomic status which exhibit independent effects on the probability of a woman receiving a Caesarean section. Between 1980 and 2000 in Scotland the disappearance of the social gradient for emergency Caesarean sections (with higher rates among more disadvantaged women) may reflect a decrease in the socioeconomic gradient in obstetric complications indicating the need for emergency intervention. It is less clear why a socioeconomic gradient should emerge for elective Caesarean sections (with lower rates among more disadvantaged women); the factors leading to the clinical decision to plan a Caesarean delivery are not routinely recorded but need to be understood to assess whether the provision of healthcare is equitable.
